Mutations in the genes ova or O~U can cause abnormal proliferation of XX germ cells, which leads to so-called ovarian tumors, or they can lead to the elimination of XX germ cells, such that adult females possess empty ovaries. Males carrying ovo or otu mutations are unaffected. To find out when this sexual dimorphism affects germ cells, we analyzed the requirement of embryos and larvae for zygotic ovo and O~U products. We found that ovo is required for the survival of XX germ cells during larval stages, while XX germ cells lacking otu survive until metamorphosis. Furthermore, we found no sex-transformed mutant larval germ cells and no evidence for an early sex-specific vital process acting in germ cells of the embryo, contrary to what had been suggested earlier.
Introduction
Females carrying ova mutations are sterile. Three different phenotypes of mutant ovaries can be distinguished: (1) female flies carrying null alleles of ovo have ovaries that are devoid of germ cells; (2) females mutant for weak or dominant alleles of ovo have ovaries in which oogenesis is arrested; (3) females with some mutant combinations have abnormally proliferating germ cells, a phenotype called 'ovarian tumor' (Busson et al., 1983; Oliver et al., 1987) .
Mutations of another gene, OTU, also render females sterile. As with ovo, mutations of otu fall into three classes displaying the following phenotypes: (1) empty ovaries; (2) ovaries with arrested oogenesis; (3) tumorous ovaries (King and Storto, 1988; Sass et al., 1993) . Because of these similarities, the two genes ovo and otu may control the same process. Both genes in fact seem to be involved in germline sex determination.
Abnormally proliferating mutant ovo and Ott cells appear spermatogenic by morphological criteria and tumorous otu cells can express male-specific genes (Oliver et al., 1990; Pauli et al., 1993; Wei et al., 1994) . Recently, it was shown that both ovo and otu functions are required for the female-specific splicing of Sxl within germ cells (Bopp et al., 1993; Oliver et al., 1993) . Although these observations assign a role for ovo and otu in germline sex determination, they can only reveal a small part of the whole picture. Masculinized XX germ cells were only identified in flies with some specific mutant combinations of ovo, and in flies carrying leaky otu alleles. In animals carrying null alleles of ovo and Ott, it was not tested if germ cells are sextransformed.
It has been reported that XX germ cells lacking zygotic ovo function are eliminated early in development, while mutant XY germ cells survive, divide and form functional sperm in adulthood. At the blastoderm stage (3-3.5 h after egg laying (AEL)), all embryos of a cross yielding mutant progeny and controls had germ ceils. At the early gastrulation stage (3.5-3.75 h AEL), however, some embryos of the same cross were totally devoid of germ cells, others had a severely reduced number of germ cells, suggesting that the germ cells of mutant female embryos might require ovo extremely early (Oliver et al., 1987) . If XX but not XY germ cells require zygotic ovo function for survival already at the early gastrulation stage, an essential sex-specific process must act at this early stage in germ cells. What process could be vital to early XX germ cells? It is unlikely to be sex determination, as failure to become female per se should not be lethal. Could it be improper dosage compensation? Or is there another vital process that affects XX and XY germ cells differentially, already 3.5-3.75 h AEL?
We are interested in the very early events of germline sex determination. The earliest sexual dimorphism we could observe in non-mutant animals appears in embryos about 8 h AEL, just before the gonads are formed (Poirit et al., 1995) . At this stage, males possess on average 4 germ cells more than females, as there are on average 14 germ cells in a prospective testis, and 12 germ cells in a prospective ovary. This difference could be caused by a somatic control mechanism or by an autonomous process occurring within the germ cells themselves. The studies with ovo, however, suggest that XX and XY germ cells are already engaged in sex-specific processes in early gastrulation, 4-5 h earlier (Oliver et al., 1987) .
We decided to reanalyze the time of death of female germ cells lacking ovo function, and to extend our studies to the analysis of otu. We could not confirm the published results about the early time of germ cell death. Rather, XX cells lacking ovo function died during the larval stages and during pupariation. XX germ cells lacking otu function were present normally in larvae. Most of them died during pupariation. These results show that zygotic ovo function is not required as early as previously reported. They also demonstrate that the time of action of ovo and otu is different, and that cells lacking ovo or otu function do not appear to be sex-transformed during the larval stages.
Results

Germ cells of female embryos do not require zygotic ovo function
To test whether zygotic ovo function is required for the survival of female germ cells during embryogenesis, we analyzed the germ cells of ova-embryos. We devised experiments in which the genotype of all progeny could be identified in 14-16 h old embryos (see Section 4). Our crosses yielded embryos that were homozygous for either of two loss-of-function alleles of ovo (ovorzI or ovoD'rs'), heterozygous control females and control males. To exclude any bias, we analyzed all progeny of a given cross. All progeny had an apparently wild type number of germ cells (Fig. 1A) . We did not find a single embryo, female or male, that lacked germ cells.
To test whether the number of germ cells of female embryos lacking ovo function was reduced compared to that of heterozygous control females, we counted the number of germ cells of 40 randomly chosen embryos of each genotype, experimental and control. Table 1 shows that the number of germ cells of homozygous ova-embryos does not differ from the number of germ cells of heterozygous control females. Therefore, female embryos do not require zygotic ovo function for germ cell survival.
Germ cells offemale larvae require zygotic ovo function
To identify the time at which female germ cells lacking ovo function die, we dissected larvae that were homozygous or heterozygous for ova-, and analyzed the germ cell content of their gonads. At the end of the first larval instar, most gonads of mutant females contained a wild type number of germ cells (Fig. lB,C) . Few gonads had no germ cells (Table 2 ). At the end of the third larval instar, three classes of gonads were found: those with a wild type number of germ cells, those with a reduced number of germ cells and those lacking germ cells (Table 2 and Fig. lD-F ). In those larvae that possessed germ cells, these cells appeared to be female. No male-like proliferation and no differentiation to spermatocytes was observed. Twenty dissected adult mutant females had empty gonads.
We conclude that female germ cells require zygotic ovo function for survival mainly during the second and third larval stage and during the pupal stage.
Germ cells offemale embryos and larvae do not require zygotic otu function
To test the early requirement of germ cells for zygotic otu function, we have analyzed the germline of females that are homozygous for a null allele of otu. Our cross enabled us to identify the genotype of all progeny, in embryos and in larvae. In embryos, the number of germ cells of 41 mutant and 39 heterozygous control females was not different (Table 1) . Furthermore, all of the females whose number of germ cells were not counted had an apparently wild type number of germ cells. In larvae of the first and third instar, mutant and control females had gonads containing a wild type number of germ cells (Table 2 and Fig. 1G ). Of the dissected adult mutant ovaries, however, 33 lacked germ cells, and 27 had a variable number of ovarioles containing small dividing tumorous cells. The rest of the ovarioles were empty.
Our experiments show that XX germ cells do not require zygotic otu function for survival before pupariation. larval instar: at this stage 4 out of 59 analyzed gonads had lost their germ cells. Most of the mutant germ cells, however, die during the later larval stages and during pupariation. A different phenotype was seen in females lacking otu product. Such females had a wild type number of germ cells in the embryo and through all larval stages. In these animals most of the germ cells die during pupariation, but some survive and divide, but do not differentiate in the adult ovary. Such a variable phenotype had already been observed in adult females carrying null mutations of otu (Sass et al., 1993; Geyer et al., 1993 ). Yet another phenotype was seen in females carrying germ cell-specific mutations of Sxl or snf. In these animals, XX germ cells do not die. They look normal throughout larval development (Steinmann-Zwicky, 1994a), but they do not differentiate properly and become tumorous in the adult ovary (Gans et al., 1975; Perrimon et al., 1986; Salz et al., 1987) .
For both ovo and otu it has been shown that gene products act autonomously within germ cells (Wieschaus et al., 1981; Perrimon and Gans, 1983; Mevel-Ninio et al., 1995) . Since ovo and otu are required for the survival of XX germ cells, they must control a sex-specific vital process in these cells. XX germ cells lacking ovo die earlier than XX germ cell lacking otu. Do the two genes nevertheless control the same process? Maternal ovo transcripts are present in pole cells, which are the prospective germ cells, up to stage 8 when the germ band becomes elongated (MCvel-Ninio et al., 1995) . In the case of otu, maternal transcripts are also found in O-4 h old embryos (Geyer et al., 1993) . If required, maternal ovo and otu products might thus assure the survival of XX germ cells before the zygotic genes are transcribed. Due to the inability of obtaining germ cells that lack maternal ovo or otu product, we do not know exactly at what time the vital sex-and germ cell-specific process is initiated. Because, however, some of the XX germ cells lacking ovo have n scored = number of gonads scored, the gonads of all female progeny of each cross were scored, all gonads had a seemingly wildtype number of germ cells. n counted = number of gonads (animals randomly selected) in which germ cells were counted. Most germ cells are correctly located in the gonads of embryos. Some germ cells, however, are misplaced. In the search of differences in germ cell number between embryos of different genotypes, the two categories of germ cells were scored separately. The embryos were 14-16 h old. The gonads of larvae were analyzed at the end of the first larval instar (48 h AEL), and at the end of the third larval instar (120 h AEL). n = number of gonads scored. Gonads were classified in one of three categories: (1) gonads with a wildtype number of germ cells; (2) gonads with a reduced number of germ cells; (3) empty gonads, died by the end of the first larval instar, we can conclude that a vital process that is dependent on ovo acts already at this stage.
No evidence for an early female-specific vital process acting in embryonic germ cells
The report that XX germ cells require zygotic ovo function already in the early gastrulation stage (stage 6) for survival has been intriguing. How could a zygotic product act so early and sex-specifically in germ cells? Our results now show that .XX germ cells lacking ovo die much later than previously reported, namely during the larval stages and during pupariation. This was actually expected from the expression pattern of ovo. Young embryos only possess maternal ovo product, which is equally present in all XX and XY animals (Mevel-Ninio et al., 1995) . A difference between females that are homo-or heterozygous for ovo first arises when the zygotic ovo gene is expressed. This occurs at stage 17, shortly before the larvae hatch (MCvel-Ninio et al., 1995) . Only then can we expect to see a phenotype like the death of germ cells in mutant embryos and not in heterozygous sisters.
Why was it reported that ova-germ cells die much earlier? In most of the earlier studies, crosses yielding mutant progeny gave a percentage of animals, slightly more than 20%, that were germlineless or that had a reduced number of germ cells. The genotype of these embryos, however, was not assessed. In our studies, we could identify the genotype of each individual progeny. We found the average number of germ cells of embryos to be intriguingly constant, in early and late embryonic stages, even when different strains were compared (PoiriC et al., 1995; and this study). We never found germlineless At blastoderm, germ cells do not adhere well to embryos; they are easily lost during experimental manipulations, unless embryos are handled with extreme care. To avoid this problem, we decided to analyze the number of germ cells of embryos at later stages, when the cells have reached the gonads. In the earlier studies of progeny from animals yielding ova mutants, some of the missing germ cells could have been lost due to manipulations.
Early sexual dimorphism of germ cells requires neither zygotic ovo nor zygotic otu function
Both ovo and otu are required within germ cells for the female-specific splicing of Sxl, and the same is true for snf (Bopp et al., 1993; Oliver et al., 1993) . In absence of Sxl product, transplanted XX germ cells divide without differentiating (Schiipbach, 1985) or they differentiate spermatogenic cells (Steinmann-Zwicky et al., 1989) in female hosts. Sxl is therefore a gene that determines the sex of the germ cells. Nevertheless, Sxl does not seem to be required for the sex-specific development of larval germ cells. XX animals carrying a germ cell-specific mutation of Sxl or a snf mutation possessed female germ cells through all larval stages (Steinmann-Zwicky, 1994a) . Tumorous germ cells with some spermatocytelike differentiation, however, were detected in such animals after metamorphosis (Perrimon et al., 1986; Salz et al., 1987; Wei et al., 1994) .
XX germ cells of adult females carrying leaky mutations of otu have been shown to express some malespecific genes (Pauli et al., 1993; Wei et al., 1994) . Furthermore, females with some mutant combinations of ovo possess male-like tumorous germ cells (Oliver et al., 1987) . Such sex-transformations could result from the lack of properly spliced Sxl product. Alternatively, ovo and otu might have a separate early sex-determining function. The question therefore arose whether the germ cells of larvae lacking otu or ovo function are sextransformed. Our results demonstrate that XX germ cells lacking ovo or otu function show no signs of sex transformation until pupariation. In embryos, a female-specific number of such germ cells is found. In mutant larvae that possess germ cells, those germ cells appear to be female, and many animals have a number of germ cells that is typical of female larvae. This is in contrast to animals carrying mutations that transform the sex of somatic cells. The germ cells of XX pseudomales behave malespecifically already in first instar larvae: they divide rapidly and differentiate spermatocytes that can be clearly identified in the second larval instar (Seidel, 1963; Steinmann-Zwicky, 1994b) . This shows that the sex of XX germ cells is determined already early by somatic signals (see also Steinmann-Zwicky et al., 1989 ; reviewed in Steinmann-Zwicky, 1992a,b). Since larval germ cells lacking ovo or otu are female, these genes cannot be responsible for receiving or transmitting a feminizing somatic inductive sex-determining signal, at least not before metamorphosis.
In conclusion, larval XX germ cells require zygotic ovo for an early vital female-specific process, but not for sex determination.
After metamorphosis, ovo has a sexdetermining function because it is required for the femalespecific splicing of Sxl. The zygotic otu product does not seem to be required in the larva, neither for a vital process nor for sex determination.
In the adult, however, otu like ovo acts through Sxl to control germ line sex determination. In addition, it controls a vital female-specific germline function. Since mutant germ cells lacking ovo, otu, snf or Sxl can be female during larval stages and yet express male-specific genes in adult gonads, the sex of germ cells cannot be irreversibly determined until late in development. In germ cells lacking a gene product that is required for oogenesis after metamorphosis, female-specific genes must be expressed first and male-specific genes later within the same germ cells. Therefore, there must be early and late events in germline sex determination.
Experimental procedures
To analyze the requirement of XX germ cells for zygotic ovo and otu function, we scored the germ cell content of gonads of embryos or larvae lacking ovo or otu function. We used the following null alleles: OVOID, ov@lrsl (Oliver et al., 1987) , and otuPA1 (Sass et al., 1993) . To analyze embryos, we set up crosses that enabled us to identify the genotype of every animal. Heterozygous control females could be recognized because the balancer chromosome used, FM7, carried a ftz::lacZ construct as a marker. Male progeny were identified with an antibody recognizing the male-specific MSL-1 protein (Palmer et al., 1993; Rastelli et al., 1995) . The germ cells of all embryos were visualized by the germ cell-specific anti-vasa antibody (Lasko and Ashburner, 1990) . Double stainings with X-Gal and antibodies were performed as described in Poirit et al. (1995) .
To identify the genotype of larvae, we performed the following crosses: y ovo'z'/FM3 females were crossed to y OVO'~'/Y males, w 0vo~'~~*/FM3 females were crossed to y OVO'~'/Y or to w ovoD1rsl males, and w otuPA1 f/FM3 females were crossed to w otuPA1 f/r males. The genotype of larvae was identified with the markers w and y.
